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Why intracellular antibiotics ?

The Cell

Black Box...




Intracellular antibiotics: the iIssues

1. which bacteria and where ?

2. which antibiotics accumulate ?




Which antibiotics accumulate in cells ?

beta-lactams: < 1x
e aminoglycosides: <1to 2 X

e ansamycins: 2-3 X

o tetracyclines: 2-4 x

e fluoroquinolones: 5 - 20 x

« macrolides: 4to > 100 x *
glycopeptides: 1 to 400 x !l *

S

* azithromycin, ketolides
** oritavancin




How do antibiotics penetrate in cells ?

O\

e trans-membrane influx
» diffusion
» carrier mediated

e endocytosis



Entry by diffusion ...
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« amphiphilic compounds

o fast

* non-saturable

* N0 competition by
analogues

>



macrolides
fluoroquinolones
tetracyclines
ansamycines
B-lactams,
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Entry of azithromycin...
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Azithromycin accumulation
in rat embryo fibroblats

diffusion
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Entry of sparfloxacin ...
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Entry of ampicillin ...
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Ampicillin accumulation i
. . THP-1 macrophages
diffusion 16
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Carrier-meddiated influx ?

e specific structure

e (energy-dependent)
e saturable

e cOmpetition by
analogues

only limited evidence for specific
transporters is available so far
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Carrier-mediated influx ?

the case of HSR-903
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Carrier-mediated influx ?
the case of HSR-903

TABLE 1

(S-isomer) and its KH-isomer

Inhibitory effect on [MC]HSR—QU?r (10 nlvI) uptale by unlabheled HSR-903

Inhubitor concentration

Tptake?

udd

Control 0
HSE-903 (S-zomet) a0l
500

F-izomer a0

500

prolll 0 cells
2026 £1.44

15.23 + 0728

1049 £0.79
17.68 £0.85

1145 £1.315

Each walue mdicates mean £ 3 E. from four expenments.
@ TTptake was determined at 15 s,

bp<0s

P < 01, by ANOVA
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TABLE 3
Inhibition of ['*CJHSR-903 (10 ulM) uptake by

various quinolones (500 nlvI)

Inhabitor TTptake

% af cantral
HEE-203 5171 £3782
Grepaflozacin 58.91 £4.212

Sparfloxacin 77.01 £3.732
Levofloxacin 7953 £50351
Fleroxacin BE.BES £942
Tosufloxacin 117.97 £4 .34
Lomefloxacin 9923 £6.03
Oflozacin 88.35 £981
Enoxacin 2491 £6.17
Motflozacin 8081 £5.14

Each value mndicates mean + 5 E. from four expeniments
®P= 01
b P < 03, by ANOVA




Endocytosis...

* non-permeant
drugs

e slow unless
membrane-bound,
or receptor-
mediated

e confined to
vacuolar
system




Endocytosis: examples...

pinocytosis

» aminoglycosides
» glycopeptides (?)

. My
......
tis .



Fluid-phase endocytosis...

aminoglycosides in fibroblasts or macrophages
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» ill-effective (2-4 fold) Days of mcubation
» hon-saturable Tulkens & Trouet, 1978
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» fast (days...)

» very effective
(100 —fold or more)

» saturable ...

5 k)
......
3K .



Receptor-mediated endocytosis...

entry of aminoglycosides in kidney tubular cells

gt o [ & 8

v, Dt o ! .
binding to
e megalin
(Moestrop et al., 1995)
e acidic phospholipids
(Humes et al, 1983)
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In vivo accumulation of gentamicin

in rat renal cortex

Vmax = 149.83 * 9.08 pg/gperh
Km = 15.01+ 155 pg/ml

accumulation rate (pg/g per )

Renal cortical gentamicin

Serum gentamicin nuentrat‘ n
{ug/ml)

N %9 & 0 0 ¥ W
SERUM GENTAMICIN CONCENTRATION | (pg/mi) (C)

Giuliano et al., J. Pharm. Exp. Ther., 1986
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Receptor-mediated endocytosis...

Mice deficient In
megalin do not
accumulate
gentamicin in
kidney

] .

% of injected 3H-Gentamicin

Schmitz et al., J. Biol. Chem. 277:618-622, 2002
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» very effective
If tight binding
(100 —fold or more)

» continuous

over time ...
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cellular/extracellular

concentration ratio

—a— oritavancin
- - - latex beads

Van Bambeke et al., AAC (2004) 48:2853-2860
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Antibiotics efflux ?




Transporters - data bases

Secondary | Channels

Transporters
F-type P-type - :
ATPase ATPase .- malin
drug
transporters

http://www-biology.ucsd.edu/~msaier/transport/

Saier, 2000
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http://www-biology.ucsd.edu/~msaier/transport/titlepage.html
http://www-biology.ucsd.edu/~msaier/transport/titlepage.html

Transporters involved in the efflux of antibiotics &
from eucaryotic cells

superfamily transporter physiol. antibiotics
substrates
ABC MDR1 phospholipids fluoroquinolones
macrolides
B-lactams
tetracyclines
streptogramins
MRP1 phospholipids fluroquinolones
leukotrienes macrolides
conjugates rifamycins
MRP2 conjugates fluoroquinolones
B-lactams
MFS NPT1 phosphates B-lactams
OAT OATP1 bile salts B-lactams
steroids
45th ICAAC December 19th, 2005

23



Most frequent antibiotic-pumps in eucaryotes (/) ke

Multiple Drug Resistance (MDR also known as PgP)

TOPOLOGY MECHANISM ANTIBIOTICS

tetracyclines

B fluoroquinolones
erythromycin
lincosamides
rifampicin

ATP  ADP + Pi A chloramphenicol

+ aminoglycosides

Van Bambeke et al.,Biochem. Pharmacol. 2000
45th ICAAC December 19th, 2005
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Most frequent antibiotic-pumps in eucaryotes (2/2)k=

Multidrug Resistance Proteins (MRP)

TOPOLOGY MECHANISM

ANTIBIOTICS

fluorogquinolones

\ G 4

tetracyclines
macrolides

Van Bambeke et al.,Biochem. Pharmacol. 2000
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Evidencing active efflux ...

non linear accumulation
kinetics ...

receptor
mediated
uptake

"facilitated
uptake"




Evidencing active efflux ...

non linear accumulation
kinetics ...

at low concentrations,
most of the drug is rexported ...




Evidencing active efflux ...

non linear accumulation
kinetics ...

at large concentrations,
efflux becomes saturated



Evidencing efflux of ciprofloxacin

Ciprofloxacin accumulation in J774 macrophages is
facilitated upon increase of its extracellular concentration

Michot et al., AAC (2004) 48:2673-2682
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Characterization of the transporter(s)

ATP depletion increases ciprofloxacin accumulation
and decreases ciprofloxacin efflux in 3774 macrophages

Michot et al., AAC (2004) 48:2673-2682
Ce =50 uM (17pg/ml)
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Impaired by (apparently) unrelated substances

accumulation of quinlones in J774 macrophages and
Influence of P-gp and MRP inhibitors

Michot et al. AAC

(2005) 49:2429-2437 B3 probenecid
O control B gemfibrozil

B MK-571
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Evidencing efflux of azithromycin macrolides
(through P-gp) ...

Kinetics of influx and efflux of azithromycin in J774 murine
macrophages with or without 20 uM verapamil.
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Seral et al., AAC (2003) 47:1047-1051
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Azithromycin follows the a ‘kick-back’ model




Ciprofloxacin is follwing the classical model




Any relation to activity ?

1. Penetration
2. No efflux

3. Accumulation |
4. Subcell. bioavailability | 7. Cooper. with host def.




Co-workers on all this stuff ...

M.P. Mingeot, D. Tyteca
J.M. Michot, C. Seral

WklE). CEIIER, o AENEOE B. Scorneaux, Y. Ouadrhriri,
Y.Chanteux, M. Bouvier d’Yvoire| |. Paternotte, ....
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